MANY chemical agents which are used for cancer chemotherapy are known to be thiol ( SH) reactants. It is also known that certain SH containing compounds will protect against the toxicity of alkylating agents (Calcutt, Connors, Elson and Ross, 1963) . Additionally, Calcutt and Connors (1963) found evidence that the effectiveness of the alkylating agent, Merophan, against a variety of mouse tumours was dependent upon the ratio of the amounts of protein bound to acid soluble -SH in the respective tumours. The role of sulphvdryl groups in tumotur chemotherapy is thus an important one.
The -SH measurements have been made by the method described by Calcutt and Doxey (1959) and Calcutt, Doxey and Coates (1960) . Measurements of acid soluble -SH have all been made with 30 % trichloroacetic acid as the protein precipitant. Protein bound -SH values have been obtained as the difference between the total available -SH as measured on fresh tissue samples and the acid soluble -SH as measured on comparable samples of the same tissues at the same time.
By division of the value for protein bound -SH by the value for acid soluble -SH a term designated as the " ratio " has been obtained. This serves as a useful indication of the relative proportions of the two types of -SH compounds present. In some cases a negative figure is obtained, this occurring where the acid soluble -SH apparently exceeds the total -SH in the tissue. Recent work in this laboratory has indicated that some tissues contain material which on treatment with acid, as in the protein precipitation with trichloroacetic acid, make free -SH available. This may be the explanation of the apparently anomalous figures referred to above, but pending further elucidation of this problem the figures have been recorded as obtained.
RESULTS
As a background to these investigations it was necessary to obtain values for the -SH levels of tissues from untreated animals. This was carried out on a large series of animals killed at intervals during the period over which the experiments were undertaken. The results are shown in 21-5 (15.1-28-7) 12-6 (7-5-18-1) (4-6-17-6) 7 9 (3-9-11-2) 6-5 (3-1-10-8) 8-1 (2* 7-16-0) 12-1 (1-35-11-37) 884 the distribution of SH values about the mean value has already been discusse(d by Calcutt (1964) .
The findings in respects of the treated animals are given below under the headings of the individual tissues studied.
Liver.-This organ is the major site for detoxication of foreign substances within the body. In view of this and the known behaviour of the compounds used, considerable effects might have been expected. In actual practice the effects have not been serious. The total SH values have, throughout, approximated to a normal pattern, the only really noticeable feature in these curves being a fall to 50 per cent of normal values 8 hours after treatment with chloraambucil.
The acid soluble SH figures have all shown a decline within the first 24 hours after treatment, the most pronounced being the cases of cyclophosphamide and chlorambucil and the least effected being the animals treated with aniline mustard. These figures probably represent a measure of the detoxication of that part of the administered agent which has penetrated the liver.
The protein bound SH values have generally not deviated very much from the normal values, except in the case of chlorambucil. Here there has been a well-defined fall over the period 5-10 days after treatment. This coincides with a rise in the acid soluble levels so that the total SH does not vary very much from normal over this period. The results in respect of chlorambucil are shown in Fig. 1 . Since none of the other agents used showed any similar effect confirmation of this was sought in two further experiments. The first was with male August rats and the second with male Strong A mice. In both cases a considerable loss of protein bound -SH occurred between 6 and 10 days after treatment with chlorambucil.
In all cases, and this is apparent in Fig. 1 there was often, but not invariably, a rise in protein bound -SH when acid soluble SH values declined and vice versa. This feature is also apparent in the other tissues to be discussed later.
Kidney. This is the route of excretion of the detoxication products of all the agents used in the present series. Any findings are open to doubt, as to whether they are directly due to the agent itself or are the consequence of excretion of various breakdown products from other damaged tissues. The total -SH levels have in all cases shown an interesting feature in that there has been a sharp and short lived rise occurring from 1 2 to 2 2 hours after treatment. Apart from this feature they have shown little or no deviation from normal levels.
With the exception of cyclophosphamide all acid soluble SH levels have fallen well below normal in the first 24 hours after treatment ( Fig. 2 ) and thereafter have returned to apparently normal values. In the case of cyclophosphamide the levels have remained normal for the first 48 hours and then for the next 10 days remained higher than usual.
The protein bound SH levels have throughout tended to be a little higher than normal. The previously mentioned rise in total values occurring between 1.1 and 2.1 hours after treatment being associated with a large rise in protein bound -SH (Fig. 2) In the case of Merophan (Fig. 3) there was a fall in acid soluble SR levels lastiing for 7 days followed by a return to more normal values. During the first 6 days the protein bound SH showed violent fluctuations, rising to levels two to three times the normal. This was followed by a period (7) (8) (9) (10) Here, again, the measurements were made using -the whole tissue. Thle relatively small amount of tissue and its intrinsically low SH content has precluded any attempts at investigation of effects in localised areas.
Thymrus.-The only agent which has not shown profound effects on this organ is chlorambucil. Little deviation from the normal pattern is discernible in this case. 
CHEMOTHERAPEUTIC'S AND -SH LEVELS8
Aiiilinie mustard has caused the protein bound -SH levels to rise rather above the normal but the soluble SH levels have not showni any particular variation. OIn the 13th day after treatmeint the tlhymus was too shrunken to allows of its use for measurements.
With dimethyl Mylerain there were decided fluctuations in acid soluble SH valnies. These were accompaniied by apparently compensatory chaniges in the protein bound -SH levels (Fig. 6) .
In the case of cyclophosphamide the first 24 hours after treatment saw violent fluettia.tions in both acid soluble and protein bound SH levels. 7 anld 8 days after treatment there was inlsufficient thymus material present for measurements to be made. From 9 to 14 days after treatment the thymus was small and the results obtained fluctuated widely.
MIerophan produced even more striking effects than cyclophosphamide.
Little change was detected in the first 48 hours after treatment and then for the period of 3 to 13 days the thymus was too small to allow of measurements. On days 5, 7 and 8 the thymus appeared to be completely absent on visual inspection. Peyer's patches. These were selected as an example of lymphoid tissue and as being easier to collect inl the rat than the lymph nodes.
Here again there have been wild fluctuations in figures. This is illustrated in the case of dimethyl Myleran in Fig. 7 Fig. 8 for the case of cvclophosphamide.
Bone marrow. This is the tissue which is the most sensitive of all to the effect of alkylating agents. In all cases the acid soluble SH has shown little change from the normal whilst the protein bound SH values have tended to be above normal values. This is illustrated in Fig. 9 kidney; spleen and intestine.
The bone marrow ratio is vastly higher (mean 4.54) than for any other tissue, the next nearest being lung (mean 1.04). It is, or course, the bone marrow which is the most sensitive tissue to alkylating agents and thus these figures fit with Calcutt and Connors' (1963) proposal that a high ratio indicates a higher degree of sensitivity. The apparently anomalous finding in this respect is the one of a low ratio (mean 0.14) for intestine, since this tissue is very susceptible to alkylating agents. However, as pointed out earlier the system of using whole intestine could have masked vastly different figures in the vital mucosal cells. A further possibility is that intestinal damage after alkylating agents is not primary damage but is secondary. Some support for such a view is given by Walker and Berg's (1963) finding that sterilisation of the gut with succinylsulphathiazole affords considerable protection against " intestinal death " due to nitrogen mustard (HN2). These results clearly indicate bacteraemia as a contributory factor in intestinal damage. An alternative possibility has been suggested by Clifford, Clift and Gilmore (1963) . They considered that diarrhoea and vomiting after therapy with melphalan (L-phenylalanine mustard) was mediated by the central nervous system. Another factor which cannot be excluded is that damage to Peyer's patches has indirect effects on the intestine itself.
Another tissue which has shown profound effects as the result of treatment is the thymus, and here again the ratio is low. In this case the possibility of secondary effects exists since Maor and Alexander (1963) have shown that irradiation of the brain causes a weight loss of the thymus. In this connection it may be pertinent that Merophan as the agent causing the most brain damage is also the one which causes the most damage to the thymus, this amounting to a near chemical thymectomy.
An important factor which cannot be excluded from consideration is the one of difference in bodily distribution of the agents used. This in itself may override any real question of tissue sensitivity by causing large differences in the effective doses at individual sites. It is quite apparent that the various agents have shown variable responses in different tissues. Two interesting points here are the effects of chlorambucil on liver and of Merophan on brain. Since chlorambucil has such pronounced effects on liver protein -SH it becomes a matter of concern as to whether chlorambucil should be used on patients with pre-existing liver damage. Equally these findings also raise the question of the possible use of chlorambucil against liver tumours. Since there is some evidence (Calcutt, 1961 ) that tumours have lower -SH levels than their tissues of origin it is conceivable that chlorambucil could be active in these cases.
In the case of Merophan the considerable effects on brain -SH must raise the question of the risk of brain damage with this agent in clinical use. The fact that the reduced protein -SH levels persisted for so long after a single treatment indicates something more than mere detoxication processes. Central toxicity after large doses of nitrogen mustard (HN2) has already been recorded by Clifford, Oettgen, Beecher, Brown, Harries and Lawes (1963). 892 .nother aspect of these results is interesting. In the case of bonie marrow major morphologic damage might have been anticipated in the experimental series. In the event that it did occur it was not paralleled by chanlges in -SH levels. In fact these deviated very little from the normal. This may suggest that alkylating agents only act oni certain cells and that the remainder are relativelv unaffected. Such selection has previously been invoked as a mechanism for the induction of resistance to chemotherapeutic agents.
Ani evident feature of the present results is the lack of consistent behaviour between the different agents used. This could be due to different susceptibilities of different tissues to the various agents or in view of their known similarities of chemical behaviour to differing body distributions. In either event it would appear to emphasize the opinion that new drugs should be evaluated against a range of tumours of different tissues of origin.
In general, apart from new data on the -SH groups of a number of tissues, this work has also shown itself useful as a further tool in the evaluation of drug response. 
